In this paper, first, analyses of local community mascot characters are carried out to obtain knowledge to be the popular ones. Next a mascot characters automatic creation system is proposed using these findings. As for the analyses, we used 200 mascot characters. Many interesting findings could be obtained such that dark-round eyes tend to contribute to be popular as a mascot character. The proposed system utilizing these findings can create a mascot character reflecting a user's image inputted by affective words. Many parts having degrees of affective images are prepared in the proposed system and are combined to form a character using Rough Sets Theory and an Interactive Genetic Algorithm framework. We performed evaluation experiments. Many mascot characters satisfying user's image were created and remarkable results were obtained through subjective evaluations. For example, by using the extracted rules from the analyses and Interactive Genetic Algorithm, the proposed system can create much favorable mascot characters. Moreover, we found some interesting tendencies of the color used to paint characters. One of them is that gentle characters are often painted in colors with low saturation.
INTRODUCTION
There are a variety of mascot characters around us -from commercial characters such as Disney [1] and Sanrio [2] to anime ones such as Pikachu [3] and local community ones. The market, as large as 1.6 trillion yen, is said to be invulnerable to recession and to have a promising future [4] . The Japanese mascot character business is on the rise, with its goods being sold in Europe, America and Asia and the articles concerning it have often appeared in major newspapers [5] .
Recently, "Kumamon" [6] , the local community mascot character of Kumamoto Prefecture, has advanced over-seas, making one of current topics. It is said that Kumamon has 124 billion yen economic impact [7] . Many companies tend to have their original mascot characters, such as "BooBo", "SUUMO", "Docomo-dake", and so on [8] . Each of those mascot characters is the face of the company [9] . In [9] , [10] it is also said that mascot characters can help customers to understand incomprehensible jargon using for promotion. This shows that using mascot characters in business is effective. It can be also said in the case of "LINE". LINE, the application for instant messaging on smartphones and personal computers, is very popular in Japan and the other countries. An important contributor for the success is said to be the original mascot characters. We can communicate much emotionally by using the stamps of the characters [9] . Those characters are very popular among users and annual sales of items of them is as large as 40 million yen [11] .
In recent years, therapeutic effects of mascot characters also attract attention. It is said that the popularities of "Rilakkuma" and "Tarepanda" come from the tendency [9] .
A mascot character reflecting the image of a product, a company, or a local community is considered to have a potential to activate the target. Therefore, the design of a mascot character is a crucial issue to effectively convey the image of the target. However, there is little knowledge about the design: in most cases the characters are designed manually or by designers. Sometimes the production cost is said to reach several million yen.
There are some researches on analyses of mascot characters. In [9] , [12] - [14] it is reported that mascot characters popular in Japan were mostly expressionless. Ref. [15] reports that characters with short legs are suitable for "healing" that many people nowadays are seeking for in mascot characters [16, 17] .
Some researches treated some elements in a character. Ref. [18] focuses on the color of a character. Effects for impression and preference by the shape of the eyes are analyzed in ref. [19] . In [20] it is reported that there is relationship between one's favorite characters and their preference factor. Ref. [21] investigates the combinations of the shapes which increased "lightweightness" impression on mascot characters.
Affective engineering approach is widely applied to design and manufacturing [22] . Some researches reflect human's affective on design [23] [24] [25] [26] [27] [28] . It is effective to reflect users' sensibility for satisfying their needs. Similarly, it is very important to reflect users' sensibility and their preference to create an effective mascot character. We have proposed a 3D character automatic generation system [29] . This system reflects users' sensibility and preference by using Interactive Genetic Algorithm. However, it aims at creation of only kawaii (cute) girls. As a result, fields of the application are very limited.
This paper treats much more general and popular character, a mascot character. First, many local community mascot characters such as Kumamon are collected and analyzed, then we obtain knowledge or rules concerning popular mascot characters from the analyses by using Rough Sets Theory. Second, a mascot characters automatic creation system is proposed using these findings. We defined affective-space to select affective words used as the system input. Usages of Interactive Genetic Algorithm allows users to get their favorite mascot character. This paper is organized as follows. In Section 2, analyses of many mascot characters are carried out. Section 3 proposes an automatic character creation system using affective words. Evaluation experiments and the results are shown in Section 4. Finally, we conclude the paper in Section 5. Figure 1 shows the flow of the proposed method. First, rules expressing popular mascot characters are extracted by the analyses of many mascot characters. Then, affective space is defined in order to determine affective words used as the system input. Next, the degree of affective image for each part to create a mascot character is estimated by the preliminary experiment.
ANALYSES OF MASCOT CHARACTERS AND DETERMINATION OF PARTS

Analyses of mascot characters
We collected and analyzed 200 mascot characters from 2,258 characters in "Catalog of local mascot characters" [30] . Among 200 characters, 100 are top 100 ones, and remaining 100 are low 100 ones in the 2,258 characters. We defined the popularity degree as follows, Here, Number of favorite users means the number of the users who registered the character as his or her favorite in "Catalog of local mascot characters" web page [30] . Since the data for the character getting a small number of accesses to the character page are considered to be low reliability, we treated the character obtaining more than 3,000 accesses. Figure 2 and Table 1 shows the elements of the analyses and Table 2 shows the elements and their values. For example, Kumamon has circular eyes, positive mouth, long arms, short legs, and so on. Figure 3 summarizes the result of the analyses concerning the shape of the eyes. In comparing the result of the top 100 characters and that of the low 100 ones, it can be considered that circular eyes are prefer than horizontally long eyes.
By observing the data, we found the following tendencies for a popular character.
1) A tunnel-shaped form 2) Black colored eyes without white part 3) Short legs 4) Emotionless mouth rather than smiling mouth
Rule extraction by Rough Sets Theory
We employed Rough Sets Theory [31] to extract some rules considering the combinations of several elements. As mentioned above, top 100 and low 100 characters were used for the analyses. Figure 4 shows an example of rule extraction using Rough Sets Theory. In this case, the shape of the eyes and arrangement of the black part of the eye and white part differ between the character 1 and character 2. As a result, the rules shown in Figure 4 were extracted.
We obtained many rules and extracted 30 rules having higher C.I. (Covering Index) values. C.I. expresses the degree of the contribution for the rule in Rough Sets Theory. These rules are used in the proposed automatic creation system. The followings are some examples:
If (the form is tunnel-shaped) and (the eyes are black color only) and (the legs are short) then the character is (popular).
If (the eyes are circular) and (it has no cheeks) and (the mouth is neutral) then the character is (popular).
If (the form is square) and (the white pupil is in the black iris) then the character is (unpopular).
Selection of affective words for the input of the
proposed system Selection of the words is one of the important issues in the proposed automatic creation system, because they are used as the system input.
First, we defined a affective space for words. To be more precise, 180 affective words in the Language Image Scale [32] were vectorized and mapped into the space as follows: 1) 19 axes used in kansei expression database [33] were used. Table 3 summarizes them. 2) Affective value for each axis was calculated using the relatedness value considering common attributes [34, 35] . It allows us to get the semantic relatedness values. Using these values, 180 affective words were expressed by 19-dimensional vector. 3) Principal component analysis was applied and 19-dimension was reduced to 3-dimension. Here we obtained the following three components. 1st component: since the relations "new-old" and "dynamic-static" are dominant, this component can be considered as "cheerfulness". 2nd component: "beautiful-ugly" and "gaudy-plain" are dominant, this component can be considered as "gaudy". 3rd component: "warm-cool" and "soft-hard" are dominant, this component can be considered as "softness". 4) Log-scale was used because the range of the relatedness value was very large. 5) K-means algorithm [36] was applied for clustering and 180 affective words formed 8 clusters. 6) We performed a preliminary experiment to collect affective words suitable to express the impression of the mascot characters. 7) Considering the number of the affective words in a cluster, we selected the following 9 affective words shown in Figure 5 . They are used for the input of the automatic creation system.
Structure of a character
Here we explain the structure of a character. Table 4 shows a list of the elements to construct a character and their variations. Figure 6 shows some examples of the elements to construct a character.
In the proposed system, coloring is carried out manually by the user. This is because the effect of color is considered to be very large. For example, the impression of a character would be changed largely if coloring is different.
Each part is attached 9-dimensional affective words shown in Figure 5 based on the preliminary experiment. In this experiment, subjects evaluated characters in which the parts were selected randomly concerning the 9 affective words by 5 levels. Figure 7 displays an example of the interface window of this experiment. Figure 8 shows the flow of the proposed automatic character creation system.
PROPOSED AUTOMATIC CHARACTER CREATION SYSTEM
Affective words input
A user selects some of the affective words from Figure 5 suitable to the image of a character the user wants to create.
Selection of parts
Next, the proposed system selects the parts to create a character. The selection is carried out based on the attached 9-dimensional affective words for each part.
Composition of mascot characters
The proposed system composes 8 mascot characters by selecting parts stochastically at each generation.
Selection of mascot characters for display
The proposed system selects 4 characters for display based on the scores using the extracted 30 rules. Characters applied more rules having higher C.I. values are selected with a high probability.
Evaluation of mascot characters by the user
The user evaluates the displayed characters by 4 levels as shown in Figure 9 .
Interactive Genetic Algorithm
Interactive Genetic Algorithm [37] is employed in the proposed system. By using this, the user is easy to get his or her personal favorite character image. Selection is based on the roulette method and uniform crossover is used [37] . Each gene has the information of the parts to construct the character.
EVALUATION EXPERIMENTS
We carried out three kinds of experiments. The first one is a subjective evaluation of the output of the proposed system and the second one is an objective evaluation, and the last one is an experiment about the affective image of the color.
Experiment1 (Subjective evaluation of the output
of the proposed system) We asked 15 subjects, university students in their 20s (Male:12, Female:3), to create 32 characters in the following three ways and evaluate them. The first way is the usage of the proposed system, the second one is that without using the extracted rules, and the third one is the baseline system in which parts are selected randomly. Then comparison experiments are carried out. Figure 10 shows some examples of the created mascot characters by using the first way (proposed system). Table 5 summarizes the results of the reflection degree of created characters to the input affective words. It can be observed that the proposed system shows the highest evaluation values for all of the affective words. In addition, significant differences (p < 0.05, difference of t-test) are detected between the proposed system and the others for all of the affective words. One of the reasons might be usage of the rules extracted from analyses. The averaged reflection degree to the input words of the proposed system was 4.4. Table 6 shows the results concerning the favorability of the created characters. The values of "gorgeous" and "carefree" are not high. The reason concerning "gorgeous" can be considered as follows. "Gorgeous" is inherently difficult to express because this kind of characters are not gorgeous. Another reason might be lack of gorgeous accessories such as hair jewelries, fur coat, and so on. As for "carefree", the low value may be caused by their eyes. Almost all of the shape of the eyes we prepare are bright and circular forms which might not give the impression of "carefree". If there are more various kinds of shape of the eyes, the value would be improved.
Regarding "cheerful", the favorability of created characters by the system without using the rules is lower than that by the proposed system. However, it cannot be said about the reflection degree to the input words. This shows that very "cheerful" characters tend to be not popular. Table 7 shows the average number of generations. It can be considered that the proposed system can decrease the generation number on average by using the extracted rules. However, the generation numbers of the proposed system are large concerning some affective words such as "simple" and "carefree". One of the reasons is considered to be the way to extract the rules. We analyzed popular or unpopular characters to get the rules and did not consider how was the image of those characters such as "cute" or "gorgeous". If we extract rules to be cute or gorgeous characters, the number of generations would be decreased. In the proposed system, thickness of the line is not considered. If it is considered, thick line can contribute to give stronger impression, and thin line can give weaker impression.
In addition, we should consider the other elements such as the size of the chin and the vastness of the forehead. These are the subjects of further study.
Experiment2 (Objective evaluation of the output
of the proposed system) We carried out an objective evaluation experiment for the characters created by the proposed system. In this experiment, 10 subjects, university students in their 20s (M:9, F:1), evaluated the characters created by the other subjects. Table 8 shows the results. The values are lower than the subjective experiment shown in Tables 5 and 6 . The reason can be considered as follows. Sensibility and the preference differ person by person. Therefore, even if someone likes a character very much, the character is not necessarily liked by the other people.
As for "cute", it can be observed that the variance of the reflection degree to the input words and the favorability are both relatively small. It means that people tend to have more common images about "cute".
Experiment3 (Evaluation of the painted characters
and unpainted ones) We compared the painted characters with those of the unpainted characters. The evaluators were 15 subjects, the same people as the subjects of the 1st experiment. Table 9 summarizes the result. Because of addition of colors, the reflection degree to input words was increased by 0.5 and the favorability was by 0.6. This shows that colors have large influence on people's impression and sensibility.
Then we analyzed the influence of color: the relation between colors and the influence on sensibility such as cute and cheerful.
We focused on the painted characters and investigated the tendency of the employed colors. We used HSV model [38] to express the colors. For the purpose of illustration, we divided hue value to 10 equal parts and named each parts as shown in Figure 11 . Figure 12 shows the normalized frequency of each hue parts. It can be considered that cool colors does not tend to be employed to paint mascot characters. It can be also found that amiable, cheerful, or gentle characters tend to be painted in warm colors. Table 10 summarizes the result of saturation and value. It can be seen that humorous and gentle characters tend to be painted in low saturation colors while cute and amiable characters tend to be painted in high saturation colors. As for gentle, the subjects tend to use subtle colors. Some humorous characters are painted in cool colors, therefore the average of saturation is low.
CONCLUSIONS
In this paper, first, we analyzed 200 local community mascot characters and obtained knowledge to be the popular ones. In the analyses, many interesting findings were obtained such that short limbs or dark-round eyes tend to contribute to be popular as a mascot character. Next a mascot characters automatic creation system has been proposed using these findings. The proposed system can reflect a user's image and favorability by usage of affective words for input and Interactive Genetic Algorithm.
We have performed three kinds of evaluation experiments. In the 1st experiment, many mascot characters satisfying user's image were created and remarkable results were obtained through subjective evaluations. For example, by using the extracted rules from the analyses and Interactive Genetic Algorithm, the proposed system can create favorable mascot characters. In the 2nd experiment, many interesting findings can be observed such that people tend to have more common images about cute. In the last experiment, we found some interesting tendencies concerning colors used in painted characters. One of them is that gentle characters are often painted in colors with low saturation.
Since the proposed system creates characters based on the input affective words, there remain the following issues to be studied in the very near future; reflection of the user's intention, total arrangement balance, and more efficient color selection method such as usage of Color Image Scale [32] . saturation  value  amiable  58  97  cheerful  36  97  simple  35  96  humorous  24  93  gentle  28  98  innocent  30  98  cute  60  99  gorgeous  39  92  carefree  29  98 
